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Abstract: In order to improve the vehicle performance and the fuel efficiency the total weight of the 
vehicle has to be reduced. The mass of the vehicle is characterised as sprung and un-sprung mass. Lower 
values of the unsprungmass will lead to faster response time. An effective way in doing this is to construct 
the wheels out of carbon fiber composite. In doing so, not only is the overall weight of the vehicle reduced, 
but rotation inertia and unsprung mass are reduced as well. This paper aims at development of the 
composite wheel rim. Several boundary and loadingconditions were considered, such as tire inflation 
pressure, cornering with accelerating or breaking and vehicle weight.  
I. INTRODUCTION 
The ratio between vehicles sprung and unsprung 
mass significantly affects the control characteristics 
and handling of the vehicle. The lighter the 
unsprung mass, the faster the response time will be, 
allowing a more consistent vertical load through 
the tyres and consequently a more consistent level 
of friction between the car and the road. This 
allows for better acceleration, braking and 
cornering performance for the vehicle, as well as 
increased driver confidence, providing an 
advantage on the track. The 10 inch or 13 inch rims 
are supplied commercially by wide range of 
suppliers. The average weight of the wheels from 
theses suppliers vary from 2 to 3.5 kilograms. In 
this paper an attempt has been made to replace 
conventional wheel with a carbon fibre reinforced 
composite laminate material. The process is carried 
out by modelling a composite wheel followed by 
structural analysis using ansys composite analysis. 
The strength of the wheel is determined by 
considering extreme boundary conditions it will 
bear while operational use. 
II. DEVELOPMENT PROCESS 
2.1 Material section 
Composite materials are light weight and have high 
specific stiffness strength compared to traditional 
materials. composite material is comprised of two 
or more materials working together, where each 
material retains its own identity and contributes its 
own structural properties to create a material with 
better structural properties. The stiffness of the 
composite material is due to the fibre orientation 
present in it. The carbon fiber has a very high axial 
strength compared to the other directional fibers. In 
order to gain the specific strength to the structure at 
the load paths the fibers are oriented in various 
directions. The orientation must allowa product to 
be manufactured that is both light weight and with 
high stiffness. Compared to other materials carbon 
fiber have a very high specific strength which 
giving the advantage of creating a stronger, stiffer 
and lighter product compared to the traditional 
material. 
 
2.2 Loading conditions 
2.2.1Cornering Load  
This is the most performance critical of the loading 
cases as well as the most extensively examined. 
Not only are the forces on the rim the largest in this 
case the deflection as a result of cornering forces 
has a significant effect of on the tires performance, 
and in turn the overall cornering ability of the car.  
2.2.2 Braking and acceleration 
During this case there will be a large amount of 
load transfer at the front and rear of the vehicle. 
The aim is to minimize the fore and aft rotation of 
the wheel under acceleration and breaking loads  
2.2.3 Pressurization of the wheel 
It is intended to simulate the tire being over inflated 
in order to seat the tire bead of the rim. Since the 
wheel is deflated prior to use, there is no 
performance concerns during this load case. The 
maximum pressure was determined by the 
maximum pressure the tire is rated for during the 
beading process which can be nearly 40 psi. 
2.2.4 Cornering with acceleration or breaking  
This is the most failure critical of the cases 
examined since the rim in this case will experience 
the most force. Due to acceleration and breaking 
there will be load transfer in addition to that the 
will be load transfer by cornering and its high 
forces with large deflection. The calliper clearance 
should be taken under consideration due to large 
deflection. 
III. FORCE CALCULATION 
3.1 Vehicle specifications 
Wheelbase 1600 mm 
CG height 260 mm 
Track width (rear) 1200 mm 
Track width (front) 1250 mm 
Weight  250 Kg 
Front weight distribution 0.45   
Weight distribution in Y 0.5   
Tire diameter  470.5 mm 
Mohammed Atiqh Ahmed * et al. 
(IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
Volume No.5, Issue No.4, June – July 2017, 6686-6688.  
2320 –5547 @ 2013-2017 http://www.ijitr.com All rights Reserved. Page | 6687 
3.2 Load transfer 
Δ𝑊𝐹/𝐴𝑦= [(𝐻∗𝐾𝐹)/(𝐾𝐹+𝐾𝑅) +(𝑏∗𝑍𝑅𝐹)/ 𝑙] 
Δ𝑊𝑅/𝐴𝑦= [(𝐻∗𝐾𝑅)/(𝐾𝐹+𝐾𝑅) +(𝑎/𝑙) ∗𝑍𝑅𝑅] 
Where 
𝑊𝑠=𝑉𝑒ℎ𝑖𝑐𝑙𝑒𝑊𝑒𝑖𝑔ℎ𝑡 
𝑡𝐹, 𝑡𝑅=𝐹𝑟𝑜𝑛𝑡𝑎𝑛𝑑𝑅𝑒𝑎𝑟𝑇𝑟𝑎𝑐𝑘𝑊𝑖𝑑𝑡ℎ 
𝐻=𝐶𝐺𝐻𝑒𝑖𝑔ℎ𝑡 
𝐾𝑅,𝐾𝐹=𝐹𝑟𝑜𝑛𝑡𝑎𝑛𝑑𝑅𝑒𝑎𝑟𝑟𝑜𝑙𝑙𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 
𝑎 ,𝑏=𝐹𝑟𝑜𝑛𝑡𝑎𝑛𝑑𝑅𝑒𝑎𝑟𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝑓𝑟𝑜𝑚𝐶𝐺 
𝑙=𝑊ℎ𝑒𝑒𝑙𝑏𝑎𝑠𝑒𝐿𝑒𝑛𝑔𝑡ℎ 
𝑍𝑅𝑅, 𝑍𝑅𝐹=𝐹𝑟𝑜𝑛𝑡𝑎𝑛𝑑𝑅𝑒𝑎𝑟𝑅𝑜𝑙𝑙𝐶𝑒𝑛𝑡𝑒𝑟𝐻𝑒𝑖𝑔ℎ𝑡 
These equations give the load transfer laterally and 
longitudinally based on the location of the centre of 
gravity, as well as the roll stiffness of the vehicles 
when given the longitude and lateral acceleration 
Table: maximum possible G force in direction 
Load condition Maximum 
possible g 
experienced 
 Longitudinal Lateral 
Cornering 0 1.6 
Acceleration 1.4 0 
Breaking 1.4 0 
Breaking + 
cornering 
1.05 1.05 
The rim is normally loaded through the tire as a 
path. The tire itself is loaded in an area called the 
tire contact patch, where the tire makes the contact 
with the ground. The tire contact patch size varies 
for tire to tire, but from pictures of the vehicle 
during running, the tire contact patch is 
approximately 3 inches by the width of the tire. To 
simplify the loading path for analysis purposes, the 
loading was considered to be a remote point at the 
centre of the tire contact patch. This remote force 
was applied to the rim through the tire bead seat. 
The hub face of the rim was considered fixed. 
Table: force in newton(N) 
Condition of 
force 
Longitudinal lateral 
acceleration 573 0 
braking 573 0 
cornering 0 2205 
Cornering + 
breaking 
1085 2058 
 
 
Fig : rim parameters 
Design parameter Constraint 
Width of the rim 177.8 
Angle of the bent To the standard wheel 
offset Depending on L₁ and 
L₂ 
 
IV. COMPARATIVE STUDY 
1. aluminium shell and wheel centre 
2. carbon fiber wheel with aluminium wheel 
centre 
3. single piece carbon fiber wheel 
4.1 key design conderation 
i. Minimize mass 
ii. Stiffness 
iii. Constant bending moment along any radial line 
to have even stress distribution. 
iv. Manufacturability and cost overall. 
 
Fig : specific strength of the specimens 
V. FINITE ELEMENT MODEL 
The structural analysis of the wheel was done with 
finite element solver ANSYS©, utilizing the 
Composite PrePost©. The composite pre post was 
developed specifically for laminate composites, 
allowing for manipulation of plies and orientations. 
Mesh  
mesh was generated using Path Conforming 
Method. The wheel centre at the middle has 
hexahedral meshing but the rim surface has 
tetrahedral meshing because the body selected for 
hexahedral dominant meshing had a small 
normalized volume to surface area ratio. 
VI. RESULTS 
 
Fig: deformation in the aluminium wheel 
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Fig: stress in aluminium wheel 
When a wheel enters a corner due to the centrifugal 
force the vehicle tends to pull it out of the turn. At 
this point the forces are passed form the rim bend 
to the centre. Hence the end there will be maximum 
deflection in the wheel at that point.  
 
Fig: deformation in the carban fiber wheel shell 
in y-z axis 
 
Fig: stress in the carbon fibre wheel shell 
In the aluminium wheel centrethe deformation 
varies from 1.01mm to 0.0075mm when compared 
to the carbon fibre wheel which varies from 0.6mm 
to .0065mm. the deformation in the wheel is 
maximum at the top bend of the wheel. In the 
simulation of the composite wheel shell the stress 
value varied from 2079.3 pa in tension and -2114.8 
pa in compression where the maximum was located 
at the centre. Clearly among the Carbon Fibre 
Design Concepts the single piece CF rim has 
highest Specific Stiffness but a 3-Piece CFrim was 
chosen as manufacturability issues are less. 
VII. CONCLUSION 
Compared to the aluminium wheel the carbon fibre 
wheel centre has high strength and specific 
stiffness. The weight of the carbon fiber wheel is 
less compared to the traditional wheel by reducing 
the unsprung mass and rotational inertia and 
increase the response frequency.  To the given 
weight to power ration weight places a crucial role 
to a given limited engine. By which the 
performance of the vehicle can be increased to a 
greater extent. 
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